Purpose: This study was performed to evaluate the management of tracheoesophageal fistula (TEF) ± esophageal atresia (EA) under the guidance of preoperative tracheo-bronchoscopy (TrSc). Methods: Between 2007 and July 2014, a total of 26 consecutive newborns who underwent rigid TrSc for suspected TEF were identified. All associated charts and operation reports were retrospectively analyzed. Results: Distal TEF with EA (Gross C) predominated (n = 18). Furthermore, we managed 2 infants with proximal and distal TEF (Gross D) and 4 infants with isolated TEF (Gross E). In our hands, TrSc was feasible in infants with a birth weight above 1300 g. Twenty-five fistulas were identified by endoscopy in 23 patients. In one infant with a birth weight below 1000 g, an attempt to perform TrSc was interrupted, and urgent TEF closure was required. Fistula site at the carina was associated with a high rate of esophageal anastomosis under tension. During surgery, proximal TEF and isolated TEF were safely approached via right cervicotomy (n = 5). Conclusion: This study supports the routine use of rigid TrSc at the time of surgery. Rigid TrSc allowed the surgical team to identify the number and location of TEFs, and the incidence of side effects was low.
Introduction
The overall prevalence of esophageal atresia (EA) in Europe is 2.43 cases per 10,000 births; locally, the prevalence can be as high as 4.5 per 10,000 births (Mainz, Germany) [1] . In more than 4 of every 5 cases, EA is associated with at least one tracheoesophageal fistula (TEF). The typical symptoms of TEF include excessive salivation, coughing, choking, and apneic or cyanotic attacks soon after birth [2] . Failure to pass a nasogastric tube into the stomach and the presence of air in the upper gastrointestinal tract on X-ray of the thorax and abdomen indicate the presence of distal TEF with EA. At surgery closure of TEF is the most important step to stabilize the infant and to prevent severe airway morbidity.
In our institution, preoperative tracheo-bronchoscopy (TrSc) is routinely employed to determine the presence, site, and number of TEFs. However, according to a recent international survey on the management of esophageal atresia, the use of perioperative endoscopy remains controversial [3] [4] . The aim of the present study was to evaluate the primary management of TEF ± EA in a medium-sized center with 2200 operations per year. TrSc and surgical repair were routinely performed within the same operation. As a follow-up, we assessed surgically relevant airway morbidity over the first 3 months postoperatively.
Material and Methods
Between 2006 and July 2013, TrSc for suspected congenital TEF was performed in 26 consecutive newborn infants. We retrospectively collected data by reviewing all records and operation protocols. We extracted the following data from the records: birth weight, gender, age at operation, results of TrSc, side effects, surgical management of TEF, and events during follow-up. The data are expressed as medians and ranges; further, the arithmetic mean and standard deviation were estimated.
In 17 cases with distal TEF + EA the site of TEF was estimated endoscopically. According to the distance from the carina infants were divided into 2 groups: 1) fistula site very close to or at the carina (group 1); 2) fistula located more proximal at the membranous part of the trachea (group 2).
Technique of tracheo-bronchoscopy
TrSc was always performed by the same team, consisting of a pediatric surgeon in close cooperation with a pediatric anesthesiologist. The infant was placed in a supine position. Endoscopy was started after the induction of anesthesia with thiopentone and fentanyl. After spraying the glottis and trachea with lignocaine, a rigid bronchoscope of an appropriate diameter (Karl Storz ® , Tuttlingen, Germany; Nos. 2.5 and 3.0; outer diameters 4 and 5 mm, respectively) with an angulated rod-lens was inserted, and a T-piece breathing system (Mapleson D, Intersurgical Ltd.
®
, Wokingham, Berkshire, UK) was attached to the side arm of the bronchoscope to continue manual ventilation. Monitoring included electrocardiogram, pulse oximetry, noninvasive blood pressure measuring, and estimation of the breathing rate and pressure. After introducing the instrument, the larynx, vocal folds, and posterior membranous trachea were carefully examined. After TrSc, surgical repair was immediately continued.
Results
We identified 18 male and 8 female infants with a median BW of 2770 g (2575 ± 1100). The smallest infant weighed 983 g, and the maximum infant BW was 3600 g. The distribution of body weights is presented in Figure 1 . The different types of TEF included in this study are depicted in Figure 2 . Surgical repair always began with endoscopy of the airway, and surgery was immediately continued with dissection of the TEF and esophageal anastomosis, if required. With a single exception, the infants with EA underwent operations within the first 3 days of life (1 delayed presentation underwent operation on day 9) [5] . The median age at operation for TEF + EA was 1 day. In contrast, infants with isolated TEF underwent operation on postnatal days 5, 6, and 8. One infant who underwent operation on postnatal day 55 was diagnosed with trisomy 18 and remained in a stable condition over the first month. In two infants suspected of having TEF, the presence of TEF was excluded endoscopically. In one of these infants, polyhydramnios, absent stomach, and a mediastinal abnormality were detected prenatally with ultrasound, and severe postnatal impairment of swallowing was obvious. From these symptoms, a definitive diagnosis of CHARGE syndrome associated with paraesophageal hernia was made. In the second case, the presence of pure EA (Gross A) without proximal fistula was confirmed by the exclusion of an upper pouch fistula. No infants exhibited proximal TEF with EA (Gross B). In 18 infants, EA with a single distal fis- tula (Gross C) was diagnosed. In the smallest infant of this series (BW 983 g), TrSc was attempted but could not be completed due to respiratory instability and the disproportionate size of the instrument and the entry to the larynx. In this patient, thoracotomy was immediately performed to dissect the TEF and to create a temporary gastrostomy. Esophageal anastomosis was established in a second operation conducted after weight gain.
In 2 infants in the EA group with air-filled stomachs on X-ray, TrSc revealed the presence of an additional proximal upper pouch fistula (Gross D). Dissection and closure of both fistulas were performed in one case exclusively via thoracotomy, and in the 2 nd case via additional right cervicotomy. In 4 patients, an isolated TEF (Gross E) was identified. For repair of isolated TEFs, we employed the right cervical approach in all cases (n = 4).
Fistula Site and Type of Anastomosis
In 9 cases the TEF was found at the carina (group 1), and in 8 cases TrSc revealed a more cephalad position (group 2). In 6 cases of group 1 esophageal anastomosis was established using full thickness flap from the upper pouch (3 cases conventional anastomosis). In the total of infants of group 2 esophageal anastomosis was established conventionally.
The spectrum of different types of TEF is shown in the 
Additional Findings and Follow-Up
Additional endoscopic findings of TRSC included the tracheal origin of the right upper lobe bronchus (n = 1), and gradual tracheal narrowing (n = 1). In this series, we did not observe any perioperative mortality. One infant died 2 months postoperatively due to pulmonary hypertension of unknown origin. Severe tracheomalacia occurred in 2 infants with TEF Gross C and D, respectively. In one case, aorto-truncopexy improved symptom, but in the second child with trisomy 21, tracheostomy was required due to subglottic stenosis and extended tracheomalacia. During a median follow up of 3.5 years (range: 3 months to 7 years), relapsed TEF was not observed in any of the cases.
Limitations
The presented study is limited by retrospective character. It includes a relative small number of patients, and a comparison group is lacking. Data are interpreted on the background of the literature. Furthermore, classification of the fistula site was extrapolated retrospectively from the operation records and photographs. Both authors were involved directly and in a responsible position in the treatment of the total of patients.
Discussion

Tracheobronchoscopy
Our data support the routine use of TrSc to confirm the presence and location of proximal and distal TEFs at the time of surgical repair. This investigation is performed in the operative theater, and surgical correction was undertaken immediately after endoscopy. TrSc was feasible even in infants with BWs above 1300 g. The most important benefit of TrSc seems to be the identification of unrecognized proximal upper pouch fistulas. Even in infants with gasless abdomens upon X-ray analysis, upper pouch fistulas may nonetheless be present. Missed proximal TEFs at the primary surgical repair will always become symptomatic, with both respiratory symptoms and recurrent pneumonias. In a previous pioneering study, endoscopic findings influenced the operative procedure in more than 57 patients [6] . In a recent large multicenter study, the reported rate of repeated TEF repairs was 5.4% within 2 years; however later recurrences may still occur [7] [8]. This statistic includes relapses due to recanalization of the original fistula as well as missed proximal TEFs after the repair of Gross type C atresia. A tertiary center study described the predominance of missed proximal TEFs in the case of reoperation [9] . In an extensive meta-analysis, the incidence of isolated proximal fistula (Gross type B) was 1.14%, and combined proximal and distal fistulas (Gross type D) occurred in 0.98% of infants. After the introduction of routinely performed TrSc at this institution, the incidence of proximal TEF increased significantly [10] . In another series TEFs were identified with TrSc in a cohort of infants with suspected pure EA [11] . However, even with the use of TrSc, a proximal fistula can be overlooked in rare instances [12] . Even after extensive mobilization of the proximal pouch, a proximal TEF may be missed because these upper pouch fistulas are rarely located at the end of the proximal esophagus [10] [12] . In 2 of our patients with upper pouch TEFs, crucial findings with TrSc led to a change in the operative procedure.
Another advantage of TrSc is that the level of an isolated/proximal TEF can be estimated either by transillumination or digitally by palpating the tip of the instrument.
Furthermore, the working channel of rigid tracheoscopes allows the introduction of a 2-to 3-F catheter into the fistula. This maneuver can help to decompress the stomach [11] . In addition, insufflation of the balloon with a Fogarty catheter allows temporary occlusion of the TEF. This technique was introduced to stabilize the preoperatively unstable infant with respiratory distress on the ICU and as the initial step in airway management at surgery as well [13] - [16] . However, balloon occlusion was not very successful in our hands because the catheter slipped out-an experience that has been reported by others as well [2] .
As an alternative to rigid endoscopes, flexible ultrathin fiberscopes have been developed that allow endoscopy through the endotracheal tube [17] . This type of instrument might be advantageous, especially for intraoperative use, as it allows for the tracheoscopically assisted ligation and dissection of TEFs [18] [19] .
As an alternative to TrSc, contrast medium ingestion or pull-back tube fluorography (PBF) with a water-soluble medium can be employed as a diagnostic tool for the detection of proximal TEF in EA. However, the latter procedure requires "a high degree of radiologic pediatric expertise" [10] . Furthermore, the procedure may be associated with an enhanced risk of aspiration, and over-interpretation may occur. In cases of EA, false positive results may occur due to an overflow of contrast medium into the tracheobronchial tree [20] . Furthermore, mucous occlusion of the fistula may lead to false negative results. In the presence of isolated TEF without EA, the anatomy allows for successful radiological visualization of the membranous trachea. The fistula runs in an oblique direction upward from its origin in the esophagus; due to its anatomy, this type of fistula is more precisely described as an "N-type fistula" [21] . In one of our cases, PBF was performed successfully prior to admission to our department.
TrSc has the potential to cause severe complications, including oxygen desaturation, laryngospasm, bleeding, pneumothorax, and gastric overextension [22] - [24] . No patient in our series developed pneumothorax or gastrointestinal rupture immediately after TrSc. However, in the smallest patient in our group, an attempt to perform TrSc was terminated because of ventilation difficulty. Intraoperatively, this patient developed a right-sided tension pneumothorax, and pleural drainage was required. In a second case with an isolated H-fistula, high airflow through the TEF occurred during facemask ventilation, and urgent closure of the TEF was performed via extrapleural cervicotomy, leading to stabilization. Postoperatively, this patient presented with right pneumothorax. This pneumothorax disappeared spontaneously under low-pressure ventilation.
In the presented series, rigid TrSc enabled the identification of both the location and number of TEFs in all cases investigated.
To minimize the time for endoscopy, we mainly focused our attention on the detection of TEF following insertion of the endoscope. In two infants, additional anomalies of the tracheobronchial tree were registered (ectopic right upper bronchus and gradual narrowing of trachea); both cases were resolved were without further surgical consequences [17] . This rate is much lower than reported previously by others [25] . Generally, a high rate of primary and secondary tracheobronchial problems is associated with EA + TF and can be recognized with a sophisticated technique and repeated investigations.
In 1% of infants, CHARGE syndrome is associated with EA ± TEF [1] [17] . Our patient presented with prenatal signs and postnatal symptoms of EA ("bubble blowing neonate"); however, both were excluded by TrSc [1] [26] .
In the latest review paper, Parolioni et al. (2014) came to the conclusion that TrSc with a rigid tracheoscope "has proven most useful in the diagnostic and therapeutic assessment of newborns" with EA [27] .
Surgery for TEF
The standard surgical approach for the repair of distal TEF is the muscle-saving posterolateral right thoracotomy with extrapleural preparation or thoracoscopic repair [2] [3] . A multicenter overview has reported that thoracoscopic repair of EA ± TEF is still performed only at select centers [4] .
In two thirds of our patients with TEF found at the carina (group 1) we used an upper pouch muco-muscular flap to bridge a wide gap EA [28] [29] . In contrast, no patient of group 2 required upper pouch flap technique. Thus, our results support the observation, that the presence of carinal TEF is associated with wide gap EA [6] .
In our series, isolated TEFs were safely dissected and closed via right cervicotomy [30] [31]. In selected cases of EA in which the distal TEF is located above the clavicle, successful cervical repair has been reported [32] . In cervical repair, dissection is performed anterior to the sternocleidomastoid, and exposure of the trachea-esophageal complex into the upper mediastinum is required. Loupe magnification is strongly recommended to preserve the recurrent laryngeal (RLN) nerve [30] [33] . None of our patients developed signs of RLN palsy. However, unilateral RLN palsy may occur in a number of children after EA repair and may be nearly asymptomatic [34] . Additionally, vocal fold paralysis with serious consequences, including tracheostomy, can occur [35] [36] . For the approach to the pharyngeal esophagus, it must be noted that extensive mobilization should be avoided to preserve the multiple tiny motor branches of the RLN to the pharyngeal esophagus [12] [37] [38] . With the introduction of thoracoscopic repair for isolated fistulas in neonates and older children, the paradigm of open surgery for isolated TEFs may be questioned [39] [40].
Conclusion
In conclusion, rigid TrSc is a very useful tool for TEF identification. The use of the technique is limited in very unstable infants and in infants with extremely low birth weights. The cervical surgical approach to proximal/isolated TEF exhibits some advantages. Applying this approach, the surgeon should keep in mind that the recurrent laryngeal nerve poses a relevant surgical risk.
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